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The system for drying lignite according to the present 
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dry the lignite by heat - exchange with steam and to discharge 
dried lignite ; a condensing - precipitating evaporator in fluid 
communication with the dryer so as to receive vapor which 
is evaporated when the lignite is dried , and which is dis 
charged from the dryer . The evaporator is configured to 
condense the vapor discharged from the dryer by heat 
exchange with water . The coal dust contained in the vapor is 
precipitated into a condensed aqueous solution when the 
vapor is being condensed , and the condensed aqueous solu 
tion is discharged . The system includes a Mechanical Vapor 
Re - Compression ( MVR ) configured to receive steam gen 
erated from the condensing - precipitating evaporator , to 
compress the steam into superheated steam , and to supply 
the compressed superheated steam to the dryer . 
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SYSTEM AND METHOD FOR DRYING Not only that , drying lignite generates harmful sub 
LIGNITE stances , and thus there is also a problem of disposing the 

harmful substances properly . 
PRIORITY 

SUMMARY 
This application claims priority of Korean national appli 

cation KR10-2017-0011007 filed on Jan. 24 , 20017 , the Therefore , a purpose of the present disclosure is to solve 
contents of which are incorporated herein by reference . the aforementioned problems of prior art , that is to dry 

lignite with high efficiency by recycling the vapor generated 
BACKGROUND when the lignite is dried . 

Especially , the purpose of the present disclosure is to 
Field utilize the vapor generated from lignite , as a heat source for 

generating steam to be supplied to a dryer , as a heat source The present disclosure relates to a system and method for for preheating the lignite supplied to the dryer , and further , drying a low grade coal , i.e. , a lignite containing high 15 as a vapor sweeper for facilitating the evacuation of satu moisture , and more particularly , to a system and method 
with increased thermal efficiency , by utilizing the vapor rated vapor from the dryer . 
generated when the low grade coal is dried , and capable of Further , another purpose of the present disclosure is to 
supplying steam generated by heat - exchange with the vapor efficiently dispose coal - dust and harmful substances cogen 
generated from the low grade coal , to a Mechanical Vapor 20 erated when the lignite is dried . 
Re - Compression ( MVR ) and a dryer . Further , another purpose of the present disclosure is to 

generate and circulate the steam to be used in the dryer , 
Description of Related Art inside the system . 

The aforementioned purposes of the present disclosure 
Recently , there is a tendency to refrain from using nuclear 25 may be achieved by a system for drying lignite , the system 

power plants due to safety problems associated with disas- comprising : a mill configured to crush the lignite to the 
ters , and a growing interest in conventional power genera- required size ; a dryer configured to receive crushed lignite 
tion facilities such as thermal power plants . from the mill , to dry the lignite by heat - exchange with steam 

Thermal power plants generally use enormous amount of and to discharge dried lignite ; a condensing - precipitating 
coal buried on earth , as fuel . Coal , which is used as the main 30 evaporator in fluid communication with the dryer so as to 
fuel for steam power plants , requires low moisture content . receive vapor which is evaporated when the lignite is dried 
Coal with high moisture content has low calorific value , and and which is discharged from the dryer , wherein the evapo 
therefore leads to problems where the quantity of heat rator is configured to condense the vapor discharged from 
consumed for the evaporation during combustion lowers the the dryer by heat - exchange with water , wherein coal dust 
combustion efficiency and increases the cost for transporting 35 contained in the vapor is precipitated into a condensed 
coal . aqueous solution when the vapor is being condensed , and 

Lignite , which is classified as a low - grade coal , has high wherein the condensed aqueous solution is discharged ; and 
moisture content and low calorific value , and therefore , a Mechanical Vapor Re - Compression ( MVR ) configured to 
when lignite is used in thermal power plants , its low thermal receive steam generated from the condensing - precipitating 
efficiency and high emissions of CO2 and SO , lead to 40 evaporator , to compress the steam into superheated steam , 
problems of low economic feasibility and environment and to supply the compressed overheated steam to the dryer . 
pollution . Some of the steam discharged from the dryer may be 

Thermal power plants are designed on the basis of using supplied to the dryer to serve as a vapor sweeper . 
coal having low moisture content , and thus , in order to use The system according to the present disclosure may 
a low - grade coal such as lignite , a dehydrating process must 45 further include a centrifugal separator configured to receive 
be performed . Accordingly , there are technologies known the condensed aqueous solution from the condensing - pre 
for drying low grade coal having high moisture content such cipitating evaporator and to separate the aqueous solution 
as lignite to reduce the moisture content . from the coal dust . 
One example is a technology of supplying hot heated air The system according to the present disclosure may 

inside a transfer tube while transferring lignite through the 50 further include a pre - heater configured to receive separated 
outside transfer tube so as to dry the lignite . This technology aqueous solution from the centrifugal separator and to 
creates safety accident problems since the contact of pul- pre - heat the lignite discharged from the mill by heat - ex 
verized coal with air causes ignition . change with the separated aqueous solution . 

Another well - known example is a technology of supply- The system according to the present disclosure may 
ing superheated vapor to lignite so as to remove moisture 55 further include a centrifugal blower configured to pressurize 
from the surface of the lignite . Here , the superheated vapor the vapor which is supplied to the condensing - precipitating 
directly contacts the lignite to remove moisture , and there- evaporator and to the dryer as superheated sweep steam . 
fore , there is a problem of low efficiency in removing The system according to the present disclosure may 
moisture , and low effectiveness considering the cost for further include a heat - exchanger configured to receive some 
operating an additional device needed to continuously sup- 60 of the superheated steam compressed in the Mechanical 
ply the superheated vapor . Vapor Re - Compression ( MVR ) and to convert the vapor 

Further , another technology has been developed where discharged from the dryer into superheated vapor by heat 
fluidized bed dryers use latent heat of discharging vapor of exchange with the supplied superheated steam . 
low pressure turbines and exhaust gas of boilers , but the The steam supplied to the dryer may be discharged as hot 
latent heat is either insufficient or the temperature is too low , 65 water condensate , and the system according to the present 
causing limitations in the evaporation and the reduction of disclosure may further include a flash evaporator configured 
water . to receive the hot water condensate discharged from the 



15 

US 10,941,984 B2 
3 4 

dryer , to evaporate the hot water into steam and to supply the Further , the coal - dust and harmful substances generated 
steam to the Mechanical Vapor Re - Compression ( MVR ) . when the lignite is dried may be separated and processed to 
The dryer may comprise an inlet into which the lignite is reduce environment pollution . 

introduced , an outlet which discharges the dried lignite , a Further , the steam to be used in the dryer may be 
vapor outlet which discharges the vapor generated when the 5 generated by the system itself and circulated , without being 
lignite is dried , an superheated vapor inlet into which a supplied from outside , except during an initial startup stage 
vapor sweeper is introduced , a plurality of hollow shafts of operation . 
through which the steam passes and which are arranged in Due to the aforementioned characteristics , the present 
parallel inside the dryer , and a plurality of disks attached to disclosure is capable of operating a system for drying lignite 
the hollow shafts and configured to rotate to transfer the 10 with very high energy efficiency and effective pollution 
supplied lignite towards the outlet when the supplied lignite removal . 
is stirred , the plurality of disks having paddies , and wherein BRIEF DESCRIPTION OF THE DRAWINGS the plurality of disks may be arranged at predetermined 
intervals such that each disk of one shaft are arranged Example embodiments will now be described more fully between the disks of the other shaft . hereinafter with reference to the accompanying drawings ; The condensing - precipitating evaporator may include one however , they may be embodied in different forms and or more vapor conduits through which the vapor discharged should not be construed as limited to the embodiments set 
from the dryer passes and a shell which surrounds the vapor forth herein . Rather , these embodiments are provided so that 
conduit , and which is configured to receive water for the 20 this disclosure will be thorough and complete , and will fully 
heat - exchange so as to condense the vapor of the vapor convey the scope of the example embodiments to those 
conduit and to discharge the steam generated by evaporation skilled in the art . 
of the water . In the drawing figures , dimensions may be exaggerated 

Further , the aforementioned purposes of the present dis- for clarity of illustration . It will be understood that when an 
closure may be achieved by a method for drying lignite , the 25 element is referred to as being “ between ” two elements , it 
method including pulverizing the lignite and supplying can be the only element between the two elements , or one or 
pulverized lignite to a dryer ; drying the lignite supplied to more intervening elements may also be present between two 
the dryer by heat - exchange with steam ; supplying vapor elements . Like reference numerals refer to like elements 
generated when the lignite is dried to a condensing - precipi- throughout . 
tating evaporator , condensing the supplied vapor by heat- 30 FIG . 1 is a view schematically illustrating a system for 
exchange with water , and then precipitating coal dust incor- drying lignite according to an embodiment of the present 
porated when condensing the vapor ; and compressing steam disclosure . 
evaporated from the water by heat - exchange , by means of a FIG . 2 is a view illustrating a flow of vapor discharged 
Mechanical Vapor Re - Compression ( MVR ) such that the from a dryer of FIG . 1 . 
steam is compressed into superheated steam , and then sup- 35 FIG . 3 is a view illustrating a flow of water entering and 
plying the superheated steam to the dryer . exiting a condensing - precipitating evaporator of FIG . 1 and 

The method according to the present disclosure may a flow of steam discharged from the condensing - precipitat 
further include converting the vapor generated when the ing evaporator . 
lignite is dried into superheated vapor , pressure - blowing the FIG . 4 is a cross - section view of a dryer according to an 
overheated vapor , and then supplying the superheated vapor 40 embodiment of the present disclosure . 
to the dryer as a vapor sweeper . FIG . 5 is a longitudinal - section view of the condensing 

The method according to the present disclosure may precipitating evaporator according to an embodiment of the 
further include separating an aqueous solution which is present disclosure . 
condensed , and which is discharged from the condensing 
precipitating evaporator into an aqueous solution and a 45 DETAILED DESCRIPTION 
slurry by means of a centrifugal separator , supplying the 
separated aqueous solution to a pre - heater to pre - heat the Hereinbelow , a system for drying lignite according to an 
pulverized lignite , and supplying the separated slurry back embodiment of the present disclosure will be described in 
to the dryer . detail with reference to the drawings attached . 

The method according to the present disclosure may 50 FIG . 1 is a view schematically illustrating the overall 
further include converting the vapor discharged from the configuration of a system for drying lignite . 
dryer into superheated vapor by heat - exchange with some of For reference , a process for conveying lignite is indicated 
the superheated steam compressed in the Mechanical Vapor in dotted lines , a process where vapor generated when the 
Re - Compression ( MVR ) . lignite is dried flows is indicated in solid lines , and a flow of 

The method according to the present disclosure may 55 steam being supplied to a dryer is indicated in double solid 
further include evaporating hot water condensate discharged lines . 
from the dryer by means of a flash evaporator and supplying A low - grade coal with high moisture content such as 
the evaporated steam to the Mechanical Vapor Re - Compres- lignite is put into a mill 10 and then the coal is crushed . For 
sion ( MVR ) . convenience of explanation , the present specification is 

According to the system for drying lignite of the present 60 described based on an assumption that lignite is selected as 
disclosure , the vapor generated when the lignite is dried may the low grade coal , and it should be noted that in the present 
be used as a heat source for the steam to be supplied to the disclosure , the coal which is dried is not limited to a lignite 
dryer . only , but may include any kind of a low grade coal . 

Further , the vapor generated when the lignite is dried may Lignite usually contains 40 to 65 wt- % of moisture , and 
be used to preheat the lignite . 65 the particle size of the lignite is 0 to 100 mm . Such lignite 

Further , the vapor generated when the lignite is dried may is put into the mill 10 and then crushed until its particle size 
be used as a vapor sweeper of the dryer . is reduced to about 0 to 2 mm . 
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The pulverized lignite is introduced into the dryer 30 , and The number of revolutions of each of the two hollow 
after moisture is removed from the lignite , the lignite is shafts and the disks are controlled by respective frequency 
discharged . control motors , and thus it is possible to achieve a targeted 

Preferably , the lignite that passed through the mill is moisture removal rate by appropriately adjusting the time 
introduced into the dryer 30 and may pass through a pre- 5 duration for drying the milled coal . 
heater 21 and a rotary feeder 23 before it is put into the dryer . Further , it is preferable to adjust the evaporating pressure 
By the pre - heater 21 , the milled lignite may be pre - heated inside the dryer 30 such that it exceeds atmospheric pres 

to about 80 degrees Celsius . Preferably , the heat source sure . If the pressure inside the dryer 30 is identical to or 
needed for the pre - heater is condensed aqueous solution lower than atmospheric pressure , the vacuum condition 
which is discharged from a condensing - precipitating evapo 10 causes air to be introduced from outside , thus leading to a 

possibility that a safety accident of ignition of the milled rator 50 that will be explained hereinafter . Specifically , the coal could take place . Therefore , in order to prevent such a condensed aqueous solution used in the pre - heater is sup safety accident , it is preferable to control the pressure inside plied from a centrifugal separator 60 that will be explained the dryer 30 to be maintained higher than the atmospheric hereinafter , and has a temperature of about 100 degrees pressure . 
Celsius . The lignite may be pre - heated by performing an Meanwhile , in order to promptly discharge from the dryer 
indirect heat - exchange with the condensed aqueous solution . the vapor which is evaporated from the milled coal , inert gas 

Meanwhile , the lignite is supplied to the dryer 30 via the such as nitrogen or superheated steam may be introduced 
rotary feeder 23. In this case , the rotary feeder 23 prevents into the dryer as a vapor sweeper . The dryer 30 may be 
the vapor evaporated in the dryer from counter - flowing 20 provided with a superheated steam inlet 37 to supply the 
towards a pipe line which supplies the lignite . The rotary superheated steam into the dryer . Using the superheated 
feeder 23 is a generally known device , and thus detailed steam as the vapor sweeper gas ensures stability , and not 
explanation thereof will be omitted . only that , recycling the evaporated vapor discharged from 

The dryer 30 is a device configured to remove moisture the dryer , as will be explained hereinafter , may increase the 
from lignite . As illustrated in FIGS . 1 and 4 , the dryer 30 has 25 efficiency of the system . 
an inlet 34 into which the lignite may be introduced , and The milled coal dried in the dryer may be discharged 
which is formed on a top end at one side of the dryer 30 , and outside through the outlet 35 , and the discharged milled coal 
an outlet 35 which discharges the dried lignite and which is may be transferred to a storage facility through a conveyor 
formed on a bottom end at the other side of the dryer 30 . 39 . 
Further , the dryer 30 includes a plurality of rotating hollow 30 As can be seen from FIGS . 1 and 2 , the moisture evapo 
shafts 31 , 32 installed inside a housing . The hollow shafts rated from the milled coal is discharged through a vapor 
31 , 32 are provided with a plurality of disks 33 which rotate outlet 36 , in the form of saturated vapor . The discharged 
by the hollow shaft of the dryer . saturated vapor is heated until it becomes superheated vapor , 

The plurality of hollow shafts 31 , 32 are arranged side by and then is transferred to the condensing - precipitating 
side in parallel , and the disks 33a , 336 are respectively 35 evaporator 50. Further , some of this superheated vapor may 
arranged at certain intervals such that each disk 33b of the diverge before it is supplied to the condensing - precipitating 
shaft 32 is arranged between the disks 33a of the shaft 31 . evaporator 50 , and the diverged vapor is supplied to the 
The pulverized coal ( pulverized lignite ) introduced into the dryer 30 such that it is used as the vapor sweeper . 
dryer accumulates between the disks 33a , 33b , and the two Preferably , the saturated vapor which is discharged from 
hollow shafts 31 , 32 and the disks 33a , 33b counter - rotate at 40 the dryer passes through a heat - exchanger 41 before it is 
different speeds , and thus as the pulverized coal is trans- introduced into the condensing - precipitating evaporator 50 . 
ferred along an axial direction ( from the left to the right side By the heat - exchanger 41 , the saturated vapor is heated to 
in the drawing ) by the paddles attached to the disks of the superheated vapor . Superheated steam compressed in a 
shafts at appropriate angles , the pulverized coal is mixed , Mechanical Vapor Re - Compression ( MVR ) 80 that will be 
and the dried pulverized coal is finally discharged through 45 explained hereinafter may be used as a heat source for the 
the outlet 35 . heat - exchanger 41. In this regard , between the saturated 

The inside of the hollow shafts 31 , 32 are designed such vapor and the superheated steam , indirect heat - exchange 
that steam may pass through the inside . The superheated may be performed . 
steam is supplied to the inside of the hollow shafts with a When the saturated vapor is turned into superheated vapor 
pressure of about 4 to 6 bar ) . Heat is transferred to the 50 by the heat - exchanger 41 , this superheated vapor may be 
hollow shafts and the disk surface by the steam , and the supplied to the condensing - precipitating evaporator 50 with 
milled coal which contacts the hollow shafts and disks is out being condensed during the transfer . Further , when 
dried by the latent heat being conducted from the steam . necessary , the superheated vapor may be supplied to the 
Heat - exchange between the lignite and the steam is per- dryer 30 to be used as the vapor sweeper . 
formed by the indirect contact of the lignite with the hollow 55 Further , preferably , the superheated vapor is pressurized 
shaft through which the steam passes and the disk , not by the by a centrifugal blower 43 before it is supplied to the 
direct contact of the lignite with the steam . condensing - precipitating evaporator 50. The centrifugal 

Further , the milled coal is transferred while being blower 43 appropriately pressurizes the superheated vapor 
intensely mixed between the disks 33a , 33b which counter- so that the superheated vapor has the pressure necessary for 
rotate with respect to each other , and during this process the 60 vapor sweeper and for being condensed in the condensing 
pulverized coal receives heat by contacting the surfaces of precipitating evaporator 50 . 
the disks , and therefore , the moisture contained in the milled The condensing - precipitating evaporator 50 is a device 
coal is evaporated and separated as vapor . As the present configured to acquire the condensing latent heat from the 
disclosure uses the plurality of disks that are arranged in superheated vapor and to discharge the condensed aqueous 
parallel , the heat transfer area is increased and mixing the 65 solution . 
milled coal is facilitated , thereby significantly improving the As can be seen from FIG . 5 , the condensing - precipitating 
drying efficiency of the milled coal . evaporator 50 includes a shell 53 which defines a housing , 
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and a vapor conduit 51 arranged inside the shell 53. The used to condense the superheated vapor in the condensing 
vapor conduit 51 is a tube through which the superheated precipitating evaporator 50. Therefore , when the Electro 
vapor passes and the vapor conduit 51 is preferably formed static Precipitator ( EST ) is used , there occurs a problem 
by a plurality of tubes . The overheated vapor is condensed where the steam containing dust is supplied to the Mechani 
as it passes through the vapor conduit 51 and then is 5 cal Vapor Re - Compression ( MVR ) , but when the condens 
discharged in the form of condensed aqueous solution . ing - precipitating evaporator of the present disclosure is 

Water is supplied to the shell 53 through a water inlet 55 used , there is no risk that the steam containing dust is 
and some of this water is discharged through a low - pressure supplied to the Mechanical Vapor Re - Compression ( MVR ) 
steam outlet 56 after it is evaporated by heat - exchange with 80 . 
the vapor conduit 51 and the remaining water which is not 10 The water discharged from the condensing - precipitating 
evaporated is discharged through a water outlet 57 . evaporator 50 through the water outlet 57 is introduced back 

That is , the water supplied to the inside of the shell 53 into the condensing - precipitating evaporator 50 by means of 
contacts the external surface of the vapor conduit 51 through a pump . That is , the water used in the condensing - precipi 
which the superheated vapor passes through . Here , the tating evaporator 50 is circulated . 
superheated vapor is condensed as it transfers heat to the 15 The condensed aqueous solution which is discharged 
water while the water contacting the vapor conduit 51 is from the condensing - precipitating evaporator 50 contains 
turned into low pressure steam by the condensing latent heat coal dust . This condensed aqueous solution is separated into 
generated during the condensation of the overheated vapor , coal dust and aqueous solution by the centrifugal separator 
and then the low - pressure steam is supplied to the Mechani- 60. The separated aqueous solution may be supplied to the 
cal Vapor Re - Compression ( MVR ) 80 that will be explained 20 pre - heater 21 to pre - heat the milled lignite . Further , the 
hereinafter . The superheated vapor passing through the separated coal dust may be conveyed in the form of slurry 
vapor conduit performs heat - exchange not by directly con- cake , and may be put into the dryer 30 or to the rotary feeder 
tacting the water supplied to the shell but by indirect 23 , together with the milled lignite which is supplied to the 
heat - exchange based on the contact being made between the dryer 30 . 
vapor conduit 51 and the water . The centrifugal separator 60 may consist of a first high 

Further , when the superheated vapor is being condensed speed separator and a second compression separator . The 
into condensed aqueous solution , a small amount of solvent high - speed separator may separate the aqueous solution to 
and coal dust contained in the overheated vapor are incor- supply the separated aqueous solution to the pre - heater , and 
porated together into the condensed aqueous solution , the second compression separator may supply the dehy 
thereby the solvent being condensed and the coal dust being 30 drated slurry cake to the rotary feeder 23. Configuration of 
precipitated . a centrifugal separator is a generally well - known in the field 

Further , due to a pressure blowing of the centrifugal of technology , and thus detailed explanation will be omitted . 
blower 43 , the superheated vapor passes through the vapor As can be seen from FIGS . 1 and 3 , the low - pressure 
conduit 51 at a high velocity of flow . By such a high velocity steam discharged from the condensing - precipitating evapo 
of flow of the superheated vapor , the condensed aqueous 35 rator 50 is introduced into the Mechanical Vapor Re - Com 
solution and the coal dust being precipitated in the con- pression ( MVR ) 80 , is compressed and then is discharged as 
densed aqueous solution may be easily discharged . superheated steam just by the known principle of poly 

Usually , an Electrostatic Precipitator ( EST ) is used as a trophic efficiency . 
precipitating device , and the efficiency of the Electrostatic Basically , the superheated steam which is discharged from 
Precipitator ( EST ) is determined by the electric resistance of 40 the Mechanical Vapor Re - Compression ( MVR ) 80 is intro 
polluted dust . However , since Electrostatic Precipitators duced into the dryer 30. Meanwhile , some of the super 
( EST ) cannot guarantee perfect efficiency , dust still remains heated steam which is discharged from the Mechanical 
in the vapor which is discharged through the Electrostatic Vapor Re - Compression ( MVR ) 80 is diverged before it is 
Precipitator ( EST ) , which may become a cause for system introduced into the dryer 30 , and then diverged superheated 
breakdown . Especially , if a vapor still containing dust is 45 steam is provided to the heat - exchanger 41 arranged 
introduced into the Mechanical Vapor Re - Compression between the dryer 30 and the condensing - precipitating 
( MVR ) 80 , dust may become the main cause for interrupting evaporator 50 . 
normal operation or for breakdown of the Mechanical Vapor The heat - exchanger 41 enables heat - exchange between 
Re - Compression ( MVR ) 80 . the saturated vapor which is discharged from the dryer 30 

Unlike the Electrostatic Precipitator ( EST ) , the condens- 50 and the superheated steam which is discharged from the 
ing - precipitating evaporator 50 of the present disclosure is a Mechanical Vapor Re - Compression ( MVR ) 80. Through the 
wet - type and achieves an excellent cleaning effect as it heat - exchanger 41 , heat is transferred from the superheated 
precipitates and condenses all the dust and solvent . Further , steam discharged from the Mechanical Vapor Re - Compres 
since the steam which is supplied to the Mechanical Vapor sion ( MVR ) 80 to the saturated vapor discharged from the 
Re - Compression ( MVR ) 80 is a steam evaporated from pure 55 dryer 30 , thereby turning the saturated vapor into super 
water , the Mechanical Vapor Re - Compression ( MVR ) 80 
may be prevented from breaking down due to pollutants . As aforementioned , by using the superheated steam dis 

In other words , the overheated vapor passing through the charged from the Mechanical Vapor Re - Compression 
condensing - precipitating evaporator 50 of the present dis- ( MVR ) instead of using an additional heat source for heating 
closure is not supplied to the Mechanical Vapor Re - Com- 60 the saturated vapor , the apparatus may be simplified , thereby 
pression ( MVR ) 80 , but is condensed into condensed aque- improving the efficiency and reducing the costs . 
ous solution , passes through the centrifugal separator that The steam condensed in the hollow shafts 31 , 32 of the 
will be described hereinafter , and then is supplied to the dryer 30 is discharged as hot condensate , and this hot 
pre - heater 21 or put into the dryer again together with condensate is introduced into a flash evaporator 70. The 
lignite . The steam which is supplied from the condensing- 65 flash evaporator 70 evaporates the hot water , and then 
precipitating evaporator 50 to the Mechanical Vapor Re- introduces evaporated steam into the Mechanical Vapor 
Compression ( MVR ) 80 is generated from the extra water Re - Compression ( MVR ) 80. That is , not only the low 

heated vapor . 
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pressure steam discharged from the condensing - precipitat- evaporator 50. As the saturated vapor becomes superheated 
ing evaporator 50 as explained hereinabove , but also the vapor as aforementioned , the vapor is not condensed during 
steam discharged from the flash evaporator 70 is introduced transfer . 
into the Mechanical Vapor Re - Compression ( MVR ) 80 . Further , some of the superheated vapor may be introduced 

The Mechanical Vapor Re - Compression ( MVR ) com- 5 into the dryer 30 ( refer to G of FIG . 2 ) . Some of the 
presses the steam introduced up to the pressure required in superheated vapor is introduced into the dryer 30 through 
the dryer , to convert the steam into superheated steam , and the superheated vapor inlet 37 of the dryer 30 to serve as the 
then supplies the superheated steam to the dryer 30. There- vapor sweeper . Using the superheated vapor as the vapor 
fore , at an initial startup stage of operation of the dryer 30 , sweeper may reduce the risk of explosion inside the dryer . 
steam from outside is supplied to the dryer 30 , but when 10 Using air as the vapor sweeper may cause a problem of 
predetermined conditions are satisfied after operating the ignition of the lignite . And thus , using the superheated vapor 
Mechanical Vapor Re - Compression ( MVR ) 80 , steam from instead of air prevents the problem of ignition . 
outside is no longer used , but the steam discharged from the Further , it is preferable that the superheated vapor is 
Mechanical Vapor Re - Compression ( MVR ) 80 is directly introduced into the condensing - precipitating evaporator 50 
supplied to the dryer , thereby converting to a self - operation 15 through the centrifugal blower 43. Pressurizing the super 
mode . heated vapor with the centrifugal blower 43 increases a 

Meanwhile , in order to lower the superheated steam sectional flow velocity of the superheated vapor . The high 
temperature that is generated when the steam is compressed , pressure and flow velocity of the superheated vapor will 
the Mechanical Vapor Re - Compression ( MVR ) 80 uses the ensure the easy cleaning effect of dust and solution from the 
hot water being discharged from the flash evaporator 70 as 20 condensing - precipitating evaporator 50 and the easy 
cooling water . As this cooling water evaporates , additional removal of the dust precipitated in the condensed solution 
steam is generated . This additional steam may be used as a from a surface of the vapor conduit , thereby facilitating the 
heat source for the dryer 30 or elsewhere . discharge of the condensed solution and the dust . 

The hot water that is not evaporated in the flash evapo- When the superheated vapor passes through the vapor 
rator 70 joins the water discharged from the condensing- 25 conduit 51 of the condensing - precipitating evaporator 50 , as 
precipitating evaporator 50 , and then is introduced into the the overheated vapor transfers heat to water contacting the 
condensing - precipitating evaporator 50 , and also is intro- exterior of the vapor conduit , the overheated vapor is 
duced as the cooling water of the Mechanical Vapor Re- condensed and becomes condensed aqueous solution . When 
Compression ( MVR ) 80 . the superheated vapor is being condensed , the dust and 

Hereinbelow , process by which the aforementioned sys- 30 solvent contained in the superheated vapor are also incor 
tem of the present disclosure operates will be explained . For porated into the condensed aqueous solution , and thus the 
better understanding , a process for drying lignite will be dust and the solvent are discharged together with the con 
explained first , followed by an explanation on a flow of densed aqueous solution ( see D of FIG . 2 ) . 
vapor that is generated when the lignite is dried , and It is preferable that the condensed aqueous solution which 
followed by an explanation on a flow of steam which is 35 is discharged from the condensing - precipitating evaporator 
supplied to the dryer . 50 is used again instead of being thrown away . For this 

With reference to FIG . 2 , the process for drying the lignite purpose , the condensed aqueous solution may be separated 
and the flow of vapor that is generated when the lignite is into water and coal dust by means of the centrifugal sepa 
dried will be explained . Especially , for better understanding , rator 60. The water from which coal dust is removed may be 
alphabets A to G will be used to explain the flow of the 40 supplied to the pre - heater 21 as separated aqueous solution 
vapor . ( see E of FIG . 2. ) Further , the coal dust separated from the 
A low grade lignite having high moisture content is put condensed aqueous solution may be put into the dryer 30 

into the mill 10 and then is milled . It is preferable that the again together with lignite , in the form of slurry ( see F of 
milled lignite is pre - heated in the pre - heater 21 , and then is FIG . 2 ) . 
introduced into the dryer 30. By pre - heating the lignite 45 Referring to FIG . 3 , the flow of steam which is supplied 
before introducing it into the dryer 30 , the efficiency of to the dryer will be explained in detail . Especially , for better 
evaporating moisture from the lignite may be increased . understanding , alphabets A ' to J ' will be used to explain the 
Further , it is preferable that the milled lignite is put into the flow of steam . 
dryer 30 through the rotary feeder 23. By using the rotary The steam to be supplied to the dryer 30 at the initial 
feeder 23 , it is possible to prevent a counter - flow of vapor 50 operation is supplied from outside source ( see A ' of FIG . 3. ) 
which is generated from the dryer . This steam transfers heat to the disks 33a , 33b as it passes 

The milled lignite is put into the dryer 30 , moisture is through the hollow shafts 31 , 32 of the dryer 30 , thereby 
removed from the milled lignite , and then the milled lignite drying the lignite that contacts the hollow shafts and the 
is discharged . The dried lignite is discharged through the disks . The steam that is deprived of heat while passing 
outlet 35 , and then is transferred to a lignite storage through 55 through the hollow shafts and disc inside is discharged from 
the conveyor 39 . the dryer 30 as hot water ( see B ' of FIG . 3 ) . 

The moisture being generated from the lignite when the The discharged hot water may be supplied to the con 
lignite is dried is discharged through the vapor outlet 36 in densing - precipitating evaporator 50 through a pump . Espe 
the form of saturated vapor ( see A of FIG . 2 ) . cially , it is preferable that the hot water which is discharged 

It is preferable that the saturated vapor which is dis- 60 from the dryer passes through the flash evaporator 70 , and 
charged through the vapor outlet 36 passes through the then is introduced into the Mechanical Vapor Re - Compres 
heat - exchanger 41 ( see B of FIG . 2 ) , and then is introduced sion ( MVR ) 80 ( see C ' of FIG . 3 ) . The flash evaporator 70 
into the condensing - precipitating evaporator 50 ( see C of evaporates the hot water to be introduced into the Mechani 
FIG . 2 ) . cal Vapor Re - Compression ( MVR ) 80 and the hot water 

The saturated vapor receives heat from the heat - ex- 65 which is not evaporated is introduced into the condensing 
changer 41 and becomes superheated vapor , and the super- precipitating evaporator 50 ( see D ' of FIG . 3 ) and Mechani 
heated vapor is introduced into the condensing - precipitating cal Vapor Re - Compression ( MVR ) 80 ( see J ' of FIG . 3 ) . 
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Meanwhile , water is supplied to the condensing - precipi- 50 : CONDENSING - PRECIPITATING EVAPORATOR 
tating evaporator 50. This water is supplied to the shell 53 60 : CENTRIFUGAL SEPARATOR 
of the condensing - precipitating evaporator 50 , contacts the 70 : FLASH EVAPORATOR 
vapor conduit 51 arranged in the shell 53 and performs 80 : MECHANICAL VAPOR RE - COMPRESSION 
heat - exchange . The superheated vapor passing through the 5 ( MVR ) 
vapor conduit 51 is condensed by performing heat - exchange 
with the water . Here , the water absorbs condensation latent What is claimed is : 
heat of the superheated vapor , so that some of the water is 1. A system for drying lignite , the system comprising : 
discharged as steam ( see F ' of FIG . 3 ) , and the rest of the a mill configured to crush the lignite ; 
water is discharged as water ( see I ' of FIG . 3 ) . a dryer configured to receive the crushed lignite from the 
The water being discharged from the condensing - precipi- mill , to dry the lignite by heat - exchange with steam and 

tating evaporator 50 is supplied back to the condensing- to discharge the dried lignite ; 
precipitating evaporator 50 ( refer to E ' of FIG . 3 ) . Mean- a condensing - precipitating evaporator in fluid communi 
while , the water which is discharged from the condensing- cation with the dryer so as to receive vapor which is 
precipitating evaporator 50 joins the hot water which is 15 evaporated when the lignite is dried and which is 
discharged from the flash evaporator 70 , and the water discharged from the dryer , wherein the evaporator is 
discharged from the condensing - precipitating evaporator configured to condense the vapor discharged from the 
and the hot water discharged from the flash evaporator enter dryer by heat - exchange with water , wherein coal dust 
the condensing - precipitating evaporator 50 ( see I ' , D ' and E ' contained in the vapor is precipitated into a condensed 
of FIG . 3 ) . That is , the water which is introduced into and 20 aqueous solution when the vapor is being condensed , 
discharged from the condensing - precipitating evaporator 50 and wherein the condensed aqueous solution is dis 
circulate repeatedly . If the circulating water is insufficient , it charged ; and 
is possible to supply extra water at a certain point of the pipe a mechanical vapor re - compression configured to receive 
line where the water circulates ( see K ' of FIG . 3 ) . steam generated from the condensing - precipitating 
The low pressure steam which is discharged from the 25 evaporator , to compress the steam into superheated 

condensing - precipitating evaporator 50 is supplied to the steam , and to supply the compressed superheated steam 
Mechanical Vapor Re - Compression ( MVR ) 80 ( refer to F'of to the dryer , 
FIG . 3 ) . wherein the system further comprises a heat - exchanger 
The low - pressure steam leaving the condensing - precipi- arranged between the dryer and the condensing - pre 

tating evaporator 50 and the steam leaving the flash evapo cipitating evaporator , the heat - exchanger being config 
rator 70 are introduced into the Mechanical Vapor Re ured to receive some of the superheated steam com 
Compression ( MVR ) 80 . The Mechanical Vapor pressed by the mechanical vapor re - compression and 
Re - Compression ( MVR ) 80 pressurizes the introduced configured convert the vapor discharged from the 
steam and discharges the pressurized steam as superheated dryer into superheated vapor by heat - exchange with the 
steam ( see G ' of FIG . 3 ) . The superheated steam which is 35 superheated steam , and a line branches off from the 
discharged from the Mechanical Vapor Re - Compression fluid communication between the dryer and the con 
( MVR ) 80 is introduced into the dryer 30 ( see G ' of FIG . 3 ) . densing - precipitating evaporator and is connected back 
At the initial operation of the dryer 30 , steam is supplied to the dryer to supply some of the superheated vapor 
from outside source ( see A ' of FIG . 3 ) , but when predeter- back to the dryer for making the superheated vapor act 
mined conditions are satisfied , for example , when super- 40 as a vapor sweeper which facilitates evacuation of the 
heated steam is generated by the Mechanical Vapor Re- vapor evaporated from the lignite , 
Compression ( MVR ) 80 , the dryer 30 may be operated by wherein the condensing - precipitating evaporator com 
the superheated steam of the Mechanical Vapor Re - Com 
pression ( MVR ) 80 alone without using any further steam one or more vapor conduits through which the vapor 
from outside source . discharged from the dryer passes ; and 

Meanwhile , some of the superheated steam which is a shell which surrounds the one or more vapor conduits 
discharged from the Mechanical Vapor Re - Compression and which is configured to receive water for the heat 
( MVR ) 80 may be supplied to the heat - exchanger 41 ( see H ' exchange so as to condense the vapor in the vapor 
of FIG . 3 ) , and be used as a heat source of the heat- conduit and to discharge the steam generated by evapo 
exchanger . ration of the water , 

In the drawings and specification , there have been dis- wherein the dryer is configured to perform an indirect 
closed typical embodiments of the invention , and although heat - exchange by indirect contact of the superheated 
specific terms are employed , they are used in a generic and steam with the lignite . 
descriptive sense only and not for purposes of limitation . It 2. The system for drying lignite according to claim 1 , 
will be understood by those of ordinary skill in the art that 55 further comprising a centrifugal separator configured to 
various changes in form and details may be made therein receive the condensed aqueous solution from the condens 
without departing from the spirit and scope of the present ing - precipitating evaporator and to separate the aqueous 
invention as defined by the following claims . solution from the coal dust . 

3. The system for drying lignite according to claim 2 , 
REFERENCE NUMERALS 60 further comprising a pre - heater configured to receive the 

separated aqueous solution from the centrifugal separator 
10 : MILL and to pre - heat the lignite discharged from the mill by 
21 : PRE - HEATER heat - exchange with the separated aqueous solution . 
23 : ROTARY FEEDER 4. The system for drying lignite according to claim 1 , 
30 : DRYER 65 further comprising a centrifugal blower configured to pres 
41 : HEAT - EXCHANGER surize the vapor which is supplied to the condensing 
43 : CENTRIFUGAL BLOWER precipitating evaporator . 

prises : 
45 
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5. The system for drying lignite according to claim 1 , pression , such that the steam is converted into super 
wherein the superheated steam supplied to the dryer is heated steam , and then supplying the superheated 
discharged from the dryer as hot water , and the system steam to the dryer , 
further comprises a flash evaporator configured to receive wherein the vapor discharged from the dryer is converted the hot water discharged from the dryer , to evaporate the hot 5 into superheated vapor by means of a heat - exchanger water into secondary steam and to supply the secondary arranged between the dryer and the condensing - pre steam to the mechanical vapor re - compression . cipitating evaporator and configured to perform heat 6. The system for drying lignite according to claim 1 , exchange of the vapor discharged from the dryer with wherein the dryer comprises an inlet into which the lignite 
is introduced , an outlet which discharges the dried lignite , a 10 some of the superheated steam compressed by the 

mechanical vapor re - compression and the superheated vapor outlet which discharges the vapor generated when the 
lignite is dried , an superheated vapor inlet into which a vapor is supplied back to the dryer by a line which 

branches off from a fluid communication between the sweep gas is introduced , a plurality of hollow shafts through 
which the steam passes and which are arranged in parallel dryer and the condensing - precipitating evaporator so as 
inside the dryer , and a plurality of disks attached to the 15 to act as a vapor sweeper which facilitates evacuation 
hollow shafts and configured to rotate to transfer the sup of the vapor evaporated from the lignite , 
plied lignite towards the outlet when the supplied lignite is wherein the superheated vapor supplied to the condens 
stirred and dried , the plurality of disks having paddles , and ing - precipitating evaporator passes through a vapor 
wherein the plurality of disks are arranged at predetermined conduit of the condensing - precipitating evaporator , and 
intervals such that each disk of one shaft are arranged 20 wherein the lignite is dried by an indirect heat - exchange 

which is carried out by indirect contact of the super between the disks of the other shaft . 
7. A method for drying lignite using the system according heated steam with the lignite . 

to claim 1 , the method comprising : 8. The method according to claim 7 , further comprising 
miffing the lignite and supplying milled lignite to a dryer ; separating a slurry from an aqueous solution which is 
drying the lignite supplied to the dryer by heat - exchange 25 condensed and which is discharged from the condensing 

with steam ; precipitating evaporator by means of a centrifugal separator , 
supplying vapor generated when the lignite is dried to a supplying the aqueous solution to a pre - heater to pre - heat 

the milled lignite , and supplying the slurry to the dryer . condensing - precipitating evaporator , condensing the 
supplied vapor by heat - exchange with water , and then 9. The method according to claim 7 , further comprising 
precipitating coal dust incorporated when condensing 30 evaporating hot water condensate discharged from the dryer 
the vapor ; and by means of a flash evaporator and supplying the evaporated 

compressing steam evaporated from the water by heat steam to the mechanical vapor re - compression . 
exchange , by means of a mechanical vapor re - com 


